Introduction: Injuries and violence represent a major public health problem worldwide. It is still a leading cause of mortality specially in developing countries. Ubiquitin is a heat shock protein, which is induced by various kinds of traumatic stress. Aim of the work: The aim of this study is to investigate the immunohistochemical expression of ubiquitin in suprarenal and renal tissues in blunt and sharp traumatic deaths. Subjects and methods: Cross sectional post-mortem study was conducted on the traumatic medicoegal autopsy cases and natural cases in Banha medicolegal unit (Ministry of Justice) over six months interval from February 2016 to August 2016. For all medicolegal cases, the data collection sheet included age, sex, date of death, survival time and cause of death. Histological examinations and ubiquitin immunostaining were performed on the suprarenal and renal tissues.
Introduction
orldwide, trauma is considered one of the major causes of death and disability especially in developing countries (Mahran et al., 2016) .It represents the third cause of death for all ages (account for 9% of annual mortality) (Krug et al. 2000) . According to WHO reports, trauma is expected to be the leading cause of death by 2020 (Pfeifer et al., 2009; Kleber et al., 2013) . In Egypt, traumatic deaths represented the fifth leading cause of death in 2004 and accounted for 8% from all deaths (Mahran et al., 2013) .
Severe trauma is associated with organs dysfunction with integrated metabolic response (Patel et al., 2007) . Many previous reports demonstrated renal and adrenal gland injuries after severe trauma (De Abreu et al., 2010; Roupakias et al., 2012 and lin and Wu, 2013) .As severe trauma or crush injuries are usually associated with severe stress and decreased renal perfusion and rhabdomyolysis (Stene, 1990; Morris et al., 1991) .
Histologically, the suprarenal gland consists of cortex and medulla. The cortex divided into three zones. The outer zone is zona glomeruloza which is the site of mineralocorticoids secretion. The inner zone called zona reticularies which lies directly next to the medulla and involved in the secretion of glucocorticoids and sex hormones (especially androgen). Zona Fasiculata represents about 80% of cortex tissues and lies between the above mentioned two zones. It secrets glucocorticoids and adrenal androgen. While, the adrenal medulla lies in the innermost part of adrenal gland and surrounded by the cortex and it is responsible for epinephrine and norepinephrine secretion in response to sympathetic stimulation (Ross and Pawlina, 2011) .
Ubiquitin is a specific protease; with 8.500 molecular weight. This protein presents in all euokaryocytes, which is expressed intracellular and extracellar areas. It has important intracellular functions as heat shock response, protein breakdown and immune response regulation. Additionally, it has an antiinflammatory function by its cytokine like protein properties (Guler et al., 2011) .
Ubiquitin is a common immunohistochemical marker, which, has been studied in different types of traumatic stress in forensic pathology as in fire W fatalities, brain injuries and traumatic deaths (Hausmann et al., 1999; Quan et al., 2001b; Quan et al., 2005 and Ishikawa et al., 2007) .
There are a little data of ubiquitin marker for investigating systemic stress response in traumatic deaths. Therefore, the aim of this study is to investigate the immunohistochemical expression of ubiquitin in suprarenal and renal tissues in blunt and sharp traumatic deaths.
Subjects and Methods

Study design and ethical consideration:
It is a cross sectional post-mortem study on traumatic medicolegal autopsy cases and natural cases. It was carried out at Faculty of Medicine Tanta University during the period from February 2016 to August 2016. All cases were retrieved from Banha medicolegal unit (Ministry of Justice). The study was approved by Research Ethics committee of Tanta Faculty of Medicine. The consent for taken samples of all cases was approved by Banha medicolegal unit. Appropriate precautions during autopsy were applied and confidentiality of records was conserved by keeping the records anonymous.
Subjects:
All traumatic causes of death (sharp injuries and blunt injuries) and natural deaths (deaths from natural causes other than trauma and poisons) with postmortem interval less than 48 hours were included in this study. Autopsy of natural deaths was done in suspicious cases, if it suddenly occurred in apparent healthy subjects to exclude the likelihood of unnatural death (Chaudhari et al., 2013) . Decomposed bodies, cases with renal, suprarenal trauma and cases with diseases that could alter ubiquitin as chronic observed liver & chronic renal pathological changes at autopsy were excluded (Sixt and Dahlmann, 2008; Wang and Mitch, 2014) . For all medicolegal cases, the data collection sheet included age, sex, date of death, survival time and causes of death (sharp injuries, blunt injuries or natural deaths) was performed.
Methods: Tissue sections:
Post mortem dissection was done and carefully kidney and suprarenal gland were excised immediately and fixed in neutral buffered 10% formaldehyde and routinely processed. Paraffin impeded sections (5µm thickness) were done for hematoxylin and eosin (H&E) staining and immunohistochemical staining for ubiquitin.
Immunohistochemistry staining for ubiquitin:
Immunohistochemical staining for Ubiquitin (Ub) was performed on formalin fixed paraffin embedded suprarenal and kidney sections. Polyclonal rabbit anti-human ubiquitin antibody (My Bio source, USA; Catalog Number; MBS280030) was used at a 100-fold dilution with 3 h incubation at 37 o C, according to the manufacturer's instructions (counterstaining with hematoxylin). Quantitative analysis of ubiquitin in renal and suprarenal tissues:
Expression of Ubiquitin staining was considered positive, if there was nuclear and cytoplasmic or memberanous brownish staining. The total numbers of positively immunereactivity cells were counted under 200 magnification: five random fields were examined for each structure (proximal, distal tubules& collecting ducts for renal tissue and adrenal cortex and medulla). The percentages of ubiquitin positivity were estimated by number of positive epithelial cells/total number of epithelial cells x 100. Then the percentages of ubiquitin positivity were scored as: grade 0 indicated no expression; + Mild positivity (Grade I) if it was <20% brownish staining, ++ Moderate positivity (Grade II) if it was <40% positivity and +++ Extensive positive (Grade III) if more than 50% positivity.
Statistical analysis:
Statistical analysis and presentation of data was conducted using SPSS (Statistical Package for the Social Science) version 20 computer program. Qualitative data were expressed as number and percentages in brackets and Pearson's Chi square test was used to examine association between two variables. For quantitative data, the Shapiro-Wilk test for normality was performed and ANOVA and Kruskal-Wallis tests were used for comparison between the studied and control groups. In addition, Pearson's correlation between ubiquitin expression and survival period was analyzed. Significance was adopted at p < 0.05 for interpretation of results of tests (Dawson-Saunders and Trapp, 2001) .
Results
Demographics and deaths circumstances:
Forty-five autopsy cases were included in this study. Their age ranged from 20 to 70 years with a mean of 43.89±13.02 years. The majority of victims were males (84.4%) from rural regions (70.5%). Traumatic deaths accounted for 35 cases (77.77%) while natural deaths accounted for 10 cases (33.33%) of all autopsy cases. Of all traumatic cases, blunt injuries represented 20 cases (57.14%) and the remaining 15 cases (42.86%) belonged to sharp injuries. Regarding survival time, the majority of traumatic cases (74.3%) died within 24 hours post injuries; where 80% of cases with fatal sharp injuries and 70% of blunt injuries victims died within 24 hours. There were no significant difference between natural deaths and traumatic deaths as regards age, sex and residence. Additionally, no significant difference was detected between blunt and sharp cases regarding survival period (Table 1) .
Histopathological results of hematoxylin and eosin (H&E) staining:
Histological examination of sections from suprarenal gland of natural death demonstrated normal histopathological picture of the three zones of the gland (zona glomeruloza, zona fasiculata and zona reticularies) with mild edema in between parenchymal cells (Fig.1) . Meanwhile, all cases of traumatic deaths showed exhaustion of lipid contents of zona fasiculata with decrease its cell size (Fig.2) .
Examination of H&E stained sections of renal specimens revealed only cloudy swelling of proximal convoluted tubules of the kidney together with slight widening of bowman space in all cases of natural deaths (Fig.3) . However, the traumatic cases revealed acute tubular necrosis in proximal convoluted tubules and vascular degeneration in distal tubules (Fig.4) .
Distribution of Ubiqutin immune-staining in suprarenal gland and renal sections:
Sections of suprarenal glands from natural death cases demonstrated negative ubiquitin cytoplasmic expression in Zona glomerulosa (Fig.5) . Variable intensity of ubiquitin immunoexpression were observed according to survival post injury interval; where traumatic deaths with short survival period (<24 h) revealed moderate ubiquitin immunopositives staining (++ve) in all zones of adrenal cortex (Fig.6) . Conversely, severe ubiquitin immunopositives staining (+++ ve) in all zones of adrenal cortex were detected in traumatic deaths with long survival period (>24h) (Fig.7) .
Kidney sections from natural death cases showed focal mild to moderate (+ve to++ve) ubiquitin immunopositives staining in distal and collecting tubules while the proximal tubules were negative (Fig.8) .
Additionally, moderate ubiquitin immunopositives staining (++ve) in 40% of distal and collecting tubules were observed in traumatic deaths with short survival period (<24h) (Fig. 9) . However, all traumatic deaths with prolonged survival period (>24h) revealed intense positive nuclear and cytoplasmic staining for ubiquitin (+++ve) in more than 90% of kidney tubules (Fig. 10) . Table ( 2) demonstrated significant difference of ubiquitin immunoexpression between different types of death in renal distal convoluted tubules and suprarenal cortex; where traumatic deaths showed significant increase in ubiquitin expression compared to natural deaths. However, no significant difference of ubiquitin immunostaining could be detected between blunt and sharp causes of death. Additionally, there was no significant difference of ubiquitin immunostaining in renal proximal convoluted tubules and suprarenal medulla among various causes of death.
Regarding survival period, there was significant positive correlation between survival period and positive ubiquitin immune expression in renal distal convoluted, collecting tubules (r=0.461, p=0.005) and suprarenal cortex (r=0.459, p=0.006) (Fig. 11) . 
Discussion
Trauma is still a prominent cause of morbidity and mortality especially in developing countries (Pfeifer et al., 2016) . Determination of the cause of death and survival period after trauma is an important task of forensic pathologist in medicolegal cases. It may support the charge and decide whether the injury timing coincides with the prosecution theory or not.However, it is still one of difficult task in current forensic practice (Piette et al., 2011) . Immunohistochemical staining may assist the subjective evaluation of medicolegal cases. There are little researches on ubiquitin expression in traumatic deaths. Therefore, the aim of this study was to investigate the expression of ubiquitin in suprarenal and renal tissue in blunt and sharp traumatic deaths.
The current study revealed that, the mean age of subjects was 43.89 years ranged from 20 to 70 years. This finding coincides with study in South USA by Meislin et al. (1997) , Italian study by Chiara et al. (2002) , American study by Stewart et al. (2003) and Norwegian study by Søreide et al. (2007) who demonstrated that the mean age of traumatic deaths were 42.9, 44, 42.5 and 45.8 years respectively.
The majority of cases in the present study were males (84.4%) which are in line with Marson and Thomson (2001) who reported that 82.8% of traumatic cases were males. A systematic review of autopsy studies by Pfeifer et al. (2016) reported that male trauma accounted for 55% to 88% from traumatic deaths. Moreover, Egyptian injury surveillance in 2009 reported that male predominance in traumatic deaths (71.1%) (World Health Organization, 2010) . Males are obviously at high risk of trauma as they are working outdoors and more exposed to violence and frustrations although females are more susceptible to domestic violence (Kumar et al., 2005; Ali et al., 2007) .
The majority of case in the present study were from rural regions (70.5%) which is agreement with Boland et al. (2005) and Ali et al. (2007) who demonstrated that the rate of traumatic deaths were significantly higher in rural regions (66.8% and 83.55% respectively). This could be attributed to increase machine related injuries by agriculture work in rural environment (Peek-Asa et al., 2004) .
The current study demonstrated that blunt injuries represented 57.14% of traumatic deaths. This result coincides with Sharma et al. (2005) ; Ali et al. (2007) and Pang et al.(2008) who reported that 56.9%, 45.9% and 53.2% of traumatic deaths caused by blunt trauma. On country, Min Lo et al. (1992) in New Zeland and Avis (1996) in Canada demonstrated that sharp injuries were more common than blunt injuries. This variation could be attributed to the availability of used weapon in different countries and societies.
The present study revealed that the majority of traumatic cases (74.3%) died within 24 hours post injuries. Since the majority of traumatic deaths were occurred within the first 24 to 48 hours of injury (LynSue et al., 2006) . Many literatures described a trimodal distribution of deaths (Trunkey and Lim, 1974; Baker et al., 1980) .The first peak include 45% of all deaths that occur within 60 minutes of the injury, 35% die from one to four hours of the injury (the second peak), while the third peak included late deaths (from many days to weeks after the initial injury) (Lyn-Sue et al., 2006; Pfeifer et al., 2016) .The late deaths caused by systemic complications as multiorgan failure, pneumonia or sepsis (Sobrino and Shafi, 2013; Byun et al., 2015) .
Examination of renal specimens of traumatic cases by hematoxylin and eosin in the present study revealed acute tubular necrosis in proximal convoluted tubules and vascular degeneration in distal tubules. Acute tubular necrosis (ATN) is a syndrome of intrinsic acute renal failure due to ischemic or toxic insults (Rosen and Stillman, 2008) .There are multifactorial causes of post-traumatic renal failure as decreased renal perfusionfrom hypotension, sepsis and rhabdomyolysis secondary to crush injuries (De Abreu et al., 2010) .
Additionally, sections from suprarenal gland of all cases of traumatic deaths in the present study showed exhaustion of lipid contents of zona fasciculate with decrease its cell size. The Zona Fasiculata produces glucocorticoids (mainly cortisol), which controls the metabolism of glucose, especially in times of stress (Rabasa and Dickson, 2016) . Subsequently, the glucocorticoid secretion in acute stress will increase by continuous stimulation of ACTH, which results in lipid depletion of cells and blood engorgement of cortical sinusoids (Patra et al., 2014) .Therefore, lipid depletion of zona fasciculate was demonstrated in antemortem stress caused by trauma, burn and sepsis (Polito et al., 2010 and Marik, 2016) .
Ubiquitin is a heat shock protein, which rapidly responds to various types of stress. It has many essential functions as remove or repair denatured cellular proteins that produced by stress and transport them to the proteolytic system (Glickman and Ciechanover, 2002; Flick and Kaiser, 2012) . Immunohistochemical staining of ubiquitin expression has been studied in the stress related deaths as fire fatalities, fatal mechanical asphyxia and drowning (Quan et al., 2001a; Quan et al., 2001b) .
The present study revealed that ubiquitin immunopositives staining in renal distal convoluted tubules and suprarenal cortex were significantly increased in traumatic deaths compared to natural deaths. This finding coincides with Ishikawa et al. (2007) who demonstrated that ubiquitin immunopositives in renal distal and collecting tubules were significantly higher in deaths from blunt, sharp injuries, fire and hypothermia when compared to natural deaths, poisoning and asphyxia.
Additionally, the significant increase of ubiquitin expression in adrenal cortex in traumatic cases could be attributed to the stress response, which is mediated primarily by the hypothalamic-pituitaryadrenal (HPA) axis with the release of ACTH and cortisol levels (Radley and Sawchenko, 2015; Marik, 2016) .The increase in serum cortisol level during stress protects body against developing post-traumatic stress disorder (PTSD) (Cohen et al., 2006) . Brouwer et al. (2008) demonstrated ubiquitin-positive intranuclear inclusions in the pituitary and adrenal glands in 100-week old mice that could arise from elevated stress hormone levels and disturbed HPA axis physiology. Moreover, Piette et al. (2011) detected ubiquitin immunoreactivity in the human locus coeruleus, which plays a role in the stress response in the hypothalamopituitary-adrenal axis.
The current study did not demonstrate significant difference of ubiquitin expression between blunt and sharp causes of death in renal and suprarenal tissue. It could be attributed to variation of the survival period in the blunt and sharp causes of deaths. In contrary, Quan et al. (2005) and Piette et al. (2011) observed a significant increase in neuronal ubiquitin immunohistochemical expression in blunt trauma compared to sharp trauma (P=0.005 and 0.043 respectively).This finding could be explained by intensive pain that may accompanied with blunt injuries (Quan et al., 2005) .
The current study revealed a significant positive correlation between survival period and positive immunoexpression in each of renal distal convoluted tubules and suprarenal cortex. This is in accordance with Ishikawa et al. (2007) who demonstrated survival timedependent of renal tubular ubiquitin immunopositivities in traumatic deaths. Additionally, Piette et al. (2011) determined a significant increase of neuronal ubiquitin immunoexpression with increased agonal stress period. It could be attributed to gradual increase in ubiquitin expression as a cellular response to traumatic painful stress (Willis and Westlund, 1997; Quan et al., 2005) . Otherwise, polyubiquitination may be a non-specific finding of cellular degeneration as a result of metabolic disorder or organs dysfunction depending on the survival time (Sangerman et al., 2001 and Quan et al., 2005) . Conclusion From the current study, ubiquitin immune expression can serve as a stress indicator of traumatic deaths and it may be useful for determination of survival period. Further extended research with large sample size is recommended to support the use of ubiquitin immune expression in determination of survival period in traumatic deaths. Additionally, biochemical indicators of stress (cortisol, catecholamine and adrenocorticotrophic hormones) should be measured to produce a better evaluation of traumatic stress.
